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Samples  of  sugar  composited  duripg  the  1939  campaign,  together 
with  data  on  methods  of  factory  operation  during  this  period,  were  sub- 
mitted by  73  factories  processing  beets  in  17  states.  These  samples  were 
representative  of  the  production  of  all  the  sugar  beet  growing  areas  of 
the  United  States  and  are  of  all  but  10  of  the  factories  operating  during 
the  1939  campaign.  Two  factories  which  were  active  in  1938  did  not  oper- 
ate during  the  1939  campaign. 

One  factory  submitted  two  samples,  and  two  sets  of  data,  one  for  the 
spring  campaign  and  one  for  the  fall  operating  season.  This  factory  oper- 
ated during  the  entire  fall  campaign  as  a  Steffen  factory,  and  for  two- 
thirds  of  the  duration  of  the  spring  campaign  it  operated  as  a  non-Steffen 
factory  and  for  one-third  as  a  Steffen  factory.  During  the  spring 
campaign,  however,  this  factory  worked  a  considerable  quantity  of  molasses, 
so  for  both  spring  and  fall  campaigns  it  is  reported  as  a  Steffen  factory. 
Listing  this  factory  in  the  Steffen  group  gives  a  total  of  39  Steffen  and 
35  non-Steffen  factories.  Since  two  of  the  sugar  samples  were  specially 
made  sugars,  they  have  not  been  included  in  the  averages.  The  factory 
operating  data  for  the  period  during  which  the  samples  were  composited  are 
given  in  Table  I.  Additional  operating  data  not  previously  presented  in 
this  report  are  given  in  Tables  V  and  VI  and  are  grouped  for  convenience 
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according  to  the  operation  as  Steffen  and  non-Steffen  factories. 

The  analytical  data  for  the  samples  are  given  in  Table  II,  but 
omitting  the  two  samples  of  specially  made  sugars  only  74  are  included  in 
the  averages.  The  averages  for  sugars  collected  in  the  1939  campaign  and 
the  averages  for  sugars  analyzed  after  the  previous  campaigns  are  given 
at  the  bottom  of  Table  II.  On  comparing  these  averages,  it  is  seen  that 
the  average  sulphate  content  of  the  sugars  from  the  1939  campaign  is 
greater  than  that  for  the  1938  campaign  but  less  than  the  average  for  the 
1937  campaign.  The  average  chloride  content  of  the  sugars  of  the  1939 
campaign  decreased  in  comparison  with  that  of  previous  years.  A  slight 
decrease  in  the  average  sodium  and  potassium  oxide  content  of  the  ash 
occurs  in  the  sugars  of  1939  campaign  in  comparison  with  these  averages 
for  the  1938  campaign.  It  is  interesting  to  note  that  the  decrease  in  the 
sum  of  the  Sodium  and  potassium  oxides  is  2.1  p. p.m.  and  that  there  is  an 
increase  of  2.6  p. p.m.  in  the  CaO  content  of  the  ash  of  the  sugars  of  the 
1939  campaign.  This  fact  might  be  interpreted  to  indicate  the  replacement 
of  some  of  the  sodium  and  potassium  of  the  ash  by  calcium.  The  average 
of  the  foaming  tests  shows  an  improvement  for  the  sugars  of  the  1939  cam- 
paign over  the  average  for  those  of  the  1938  campaign. 

The  data  from  several  factories  which  have  supplied  samples  for  10 
consecutive  years  are  presented  in  Table  III.  The  average  purity  of  the 
white  massecuite  is  practically  the  same  for  the  past  two  campaigns.  The 
average  turbidity  value,  minus  logt  x  lOs,  increased  from  671  for  the  1938 
campaign  to  766  for  the  1939  campaign.  The  average  ash  content  of  the 
sugars  from  these  factories  has  remained  nearly  constant  for  the  past 
three  campaigns.   The  average  sulphate  content  of  the  sugars  from  this 
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group  of  factories  showed  an  increase  from  9  p. p.m.  for  the  1938  campaign 
to  12.6  p. p.m.  for  the  1939  campaign,  but  was  not  as  high  as  the  average 
for  the  1937  campaign.  The  trends  noted  for  ash,  turbidity  and  sulphate 
content  of  the  sugars  from  these  several  factories  are  in  the  same  order 
as  the  averages  for  all  factories  during  the  past  three  campaigns. 

Sugar  Rating  Formula 
The  sugar  rating  formula  has  been  modified  to  include  as  a  com- 
ponent the  sulphite  content  of  the  sugars.  The  formula  used  for  sugars 
of  this  campaign  is:  100  minus  the  sum  of  the  B-K  color  index  plus  the 
B-K  turbidity  index  plus  the  percent  ash  x  10^  plus  the  percent  sulphites 
2£  10^  of  the  sugar  equals  the  formula  rating  of  the  sugar.  In  this  report, 
whenever  comparison  is  made  with  formula  ratings  of  sugars  of  previous 
years,  such  ratings  have  been  recalculated  on  the  basis  of  the  above  mod- 
ified formula.  It  should  be  understood,  however,  that  the  inclusion  of 
the  sulphite  content  of  the  sugars  as  a  component  of  the  formula  and  the 
weighting  assigned  to  it  are  arbitrary,  tentative,  and  subject  to  further 
amendment . 

Grain  size  of  the  Sugars 
Referring  to  Table  IV,  it  is  seen  that  a  higher  percentage,  43.61% 
of  the  1939  campaign  sugars,  is  retained  on  the  screen  (No.  50)  retaining 
the  maximum  amount.  This  compares  with  40.54%  on  No.  50  screen  for  the 
1938  campaign.  A  strict  interpretation  would  be  that  the  sugars  from 
the  1939  campaign  possessed  a  greater  regularity  of  grain  size  than  the 
sugars  of  the  1938  campaign.  It  appears,  however,  that  for  such  a  mate- 
rial as  white  sugar,  and  with  the  screen  sizes  used  in  this  test,  a  fairer 
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practical  estimation  of  regularity  of  grain  size  would  be  to  include  a 
consideration  of  the  percentages  of  sugar  retained  on  the  screens  im- 
mediately adjacent  to  the  one  retaining  the  maximum  percentage  of  sugar. 
Thus,  it  is  found  that  for  sugars  of  the  1939  campaign  the  percentage  of 
sugar  on  the  screen  retaining  the  maximum  percentage  plus  the  percentages 
of  sugar  retained  on  the  two  adjacent  screens  makes  a  total  of  74.99  per- 
cent. By  the  same  method,  sugars  of  the  1938  campaign  give  a  total  of 
78.00  percent.  Using  these  figures  it  appears  that  a  greater  regularity 
of  grain  size  is  obtained  in  the  1938  sugars  than  in  those  of  the  1939 
campaign. 

An  average  of  20.58  percent  of  the  sugar  of  the  1939  campaign  was 
retained  on  screens  of  sizes  larger  than  that  (No.  50)  retaining  the  maximum, 
and  35.64%  was  of  smaller  grain  size  than  that  retained  on  screen  No.  50. 
The  sugars  of  the  1938  campaign,  by  the  same  method  of  calculation,  show 
28.59  percent  retained  on  screens  of  sizes  larger  than  screen  No.  50,  and 
30.76  percent  of  a  smaller  grain  size  than  that  retained  on  this  screen. 
A  simple  interpretation  is  that  the  predominant  grain  size  is  smaller  in 
the  sugars  of  the  1939  campaign  than  in  sugars  of  the  1938  campaign. 

Reflectance  of  the  Sugars 

The  average  reflectance  value  of  the  sugars  of  the  1939  campaign 
is  91.54,  and  of  the  1938  sugars,  it  is  91.72.  This  is  a  difference  of 
0.18  in  favor  of  the  sugars  of  the  1938  campaign.  Referring  to  the  prac- 
tical estimation  of  regularity  of  grain  size  (see  discussion  under  Grain 
Size  of  the  Sugars)  and  to  the  reflectance  values  of  the  sugars  for  the 
past  three  campaigns  (Table  VII)  some  correlation  is  indicated,  as  shown 
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below. 

Retained  on  Screen  No. 

Campaign    40 50 60 

percent   percent  percent 

1937  25.59     43.57     9.39 

1938  27.61     40.54     9.85 

1939  19.65     43.61    11.73 

Quality  of  the  Beets 
Beets  worked  in  1939  were  of  a  slightly  better  quality  than  those  of 
the  1938  campaign,  based  on  a  comparison  of  the  average  sugar  content  and 
the  average  coefficient  of  apparent  purity.  The  average  sugar  content  of 
the  beets  for  1938  was  16.09  percent,  and  for  the  1939  campaign  it  was 
16.39  percent.  The  average  coefficient  of  apparent  purity  of  the  beets 
for  1938  was  84.51,  and  for  the  1939  campaign  it  was  84.97. 

The  average  amount  of  molasses  worked  percent  on  beets  was  6.70% 
in  the  1939  campaign  (Table  VI),  6.74%  in  1938,  and  6.75%  in  the  1937  cam- 
paign, but  considerable  variations  occurred  in  the  amounts  of  molasses  worked 
by  the  individual  factories.  It  is  interesting  to  note  the  practical  iden- 
tity in  average  percent  of  molasses  worked  during  these  three  campaigns. 

Boiling  Systems 
In  view  of  the  fact  that  there  is  considerable  variation  in  the  defi- 
nition of  sugar  boiling  systems,  as  reported  in  the  data  sheets,  no  reference 
to  boiling  systems  is  made  in  this  report,  pending  clarification  of  exactly 
what  is  meant  by  a  "four  boiling  system" ,  "three  boiling  system" ,  "two  boil- 
ing system",  etc.   With  cooperation  of  the  operating  personnel  of  the 
industry,  it  is  hoped  that  acceptable  definitions  can  be  presented  in  time 
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for  the  next  report  so  as  to  permit  more  precise  evaluation  of  the  data 
with  respect  to  the  classification  of  the  boiling  systems  now  in  use. 

Non-Steffen  Factories  " 
Table  V  presents  data  on  operating  practices  and  the  formula  rating 
of  the  sugars  for  the  non-Steffen  factories.   Some  of  the  data  on  carbon, 
predefecation  and  filtration  have  not  heretofore  been  presented.   This  table 
is  interesting  in  that  it  does  not  show  correlation  of  sugar  quality  with 
any  single  practice  or  combination  of  practices,  although  nearly  all  combina- 
tions of  practices  now  in  use  are  represented.   The  only  single  practice 
generally  followed  is  the  use  of  filter  aid.   However,  the  quantity  used  and 
the  point  of  application  in  the  manufacturing  process  varies  considerably. 
Allowing  for  all  the  different  conditions  that  exist,  such  as  beet  quality, 
equipment,  etc.,  it  seems  reasonable  to  expect  that  some  standard,  or  most 
efficient,  practice  should  exist  for  a  given  section  or  a  given  set  of  condi- 
tions.  In  order  to  determine,  if  possible,  Just  what  such  practice  consists 
of  it  is  planned  in  the  next  report,  with  the  approval  of  the  industry,  to 
group  the  factories  into  sections  in  which  as  nearly  as  possible  similar 

conditions  exist,  thus  facilitating  discussion  of  operating  practices. 

For  this  campaign  again  the  sugars  of  the  non-Steffen  factories  have  a 
higher  formula  rating  than  those  of  the  Steffen  factories.   (See  Plate  I.) 

Steffen  Factories 
Table  VI  presents  data  on  operating  practices  and  the  formula  rating 
of  the  sugars  for  the  Steffen  factories.  Some  of  the  data  on  operating 
practices  have  not  been  presented  before.  As  is  the  case  of  the  non-Steffen 
factories,  there  is  a  lack  of  definite  correlation  between  operating  prac- 
tices and  the  formula  rating  of  the  sugars,  the  use  of  filter  aid  being  the 
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only  single  practice  generaly  followed,  but  with  a  wider  variation  (for 
Steffen  factories)  in  the  amounts  of  filter  aid  used  and  also  a  lack  of 
uniform  practice  as  to  the  point  of  application. 

The  average  formula  rating  for  the  sugars  of  the  Steffen  factories 
is  2.06  points  below  the  average  for  all  the  sugars  of  the  1939  campaign 
and  4.35  points  below  that  for  the  sugars  of  the  non-Steffen  factories. 
However,  in  this  campaign,  as  in  1938,  the  highest  rating  sugar  was  from 
a  Steffen  factory.  From  this  it  seems  that,  though  the  average  rating  of 
sugars  from  Steffen  factories  was  lower  than  the  average  for  non-Steffen 
factories,  it  should  be  possible  to  remedy  this  situation  somewhat, 

Predefecation 

The  11  non-Steffen  factories  reporting  predefecation  data  have  an 
average  formula  rating  of  69.7,  or  2.28  above  the  average  for  all  the 
non-Steffen  factories.   The  9  Steffen  factories  reporting  predefecation 
data  have  a  66.78  average  formula  rating  of  the  sugars.   This  is  3.71 
points  above  the  average  formula  rating  for  all  the  Steffen  factories. 
This  may  or  may  not  be  significant,  as  some  factories  in  both  groups  made 
sugars  below  the  average  of  the  group,  and  the  data  for  comparing  the 
quality  of  the  sugars  from  these  factories  operating  without  predefecation 
under  the  same  conditions  is  not  available.  ,  . 

Average  Quality  of  the  Sugars,  1959  Campaign 

The  average  quality  of  the  sugars  from  all  the  factories  in  the 
1939  campaign,  judged  by  their  formula  rating,  is  slightly  lower  than  that 
of  the  sugars  from  the  1938  campaign,  yet  is  somewhat  higher  than  for  the 
sugars  of  the  1937  campaign.   Numerically,  the  formula  rating  of  the  sugars 
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was  65.13  for  the  1939  campaign,  69.05  for  1938  and  59.24  for  1937.  The 
lower  average  formula  rating  of  the  sugars  of  the  1939  campaign,  as  com- 
pared with  those  of  the  1938  sugars,  is  accounted  for  by  an  increase  in 
the  B-K  turbidity  index  from  11.4  in  1938  to  15.6  in  1939,  and  in  the  ash 
from  0.0109  percent  in  1938  to  0.0110  percent  in  1939,  thus  over-balancing 
the  improvement  in  the  B-K  color  index  from  7.5  in  1938  to  7.2  in  1939, 
and  in  the  sulphite  content  from  11.5  p. p.m.  in  1938  to  9.59  p. p.m.  in 
1939.  Plate  I  is  a  graphic  presentation  of  the  formula  ratings  of  the 
individual  sugar  samples  segregated  into  Steffen  and  non-Steffen  groups 
and  their  respective  averages.  The  averages  for  all  the  sugars  for  each 
of  the  past  three  campaigns  are  also  given. 

Resume 

Based  on  the  formula  rating,  the  sugars  of  the  1939  campaign  showed 
an  average  quality  below  that  for  the  1938  sugars,  but  better  than  that 
for  the  sugars  of  the  1937  campaign.  The  difference  in  quality  of  the 
sugars  of  the  1939  campaign,  as  compared  with  the  1938  sugars,  was  almost 
wholly  due  to  increase  in  the  turbidity  index. 

The  quality  of  the  beets  worked,  based  on  average  sugar  content 
and  average  apparent  purity  coefficient,  was  slightly  better  in  1939  than 
in  1938. 

It  is  proposed,  with  the  cooperation  of  the  operating  personnel  of 
the  industry,  to  draw  up  more  exact  definitions  of  the  factory  boiling 
systems  now  in  use. 

In  this  campaign  the  Steffen  factories  again  produced  sugars  v/ith 
a  lower  average  formula  rating  than  the  non-Steffen  factories;  but,  also 
again,  this  group  contains  the  factory  producing  the  highest  rating  sugar 


1 


-  9  - 

Operating  data,  as  now  presented,  show  little  or  no  correlation 
between  operating  practices  on  the  one  hand  and  sugar  quality  on  the  other 
hand,  but  do  show  what  appears  to  be  a  lack  of  uniformity  in  operating 
practices.  It  is  suggested,  with  the  approval  and  cooperation  of  the 
industry,  that  in  future  reports  the  factory  data  be  separated  into  groups 
according  to  some  acceptable  scheme  of  classification  which  might  lead  to 
correlations  and  aid  in  establishing  for  each  group  the  most  efficient 
operating  practices. 
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Taa  Taa 

Taa  Taa 

Taa  Taa 

Taa  lo 

Taa  Taa 

Taa  Taa 

Taa  Taa 

Taa  la 

Taa  Taa 

Taa  Taa 

Taa  lo 

Taa  Taa 

Taa  Taa 

Tat  la 


U.O 

Taa 

Taa 

5.3 

Taa 

lo 

J:? 

Taa 

Tai 

Taa 

Taa 

3.9 

Taa 

lo 

6.0 

Taa 

Taa 

5.1 

Taa 

Taa 

n 

Taa 
Taa 

Taa 
Taa 

5.9 

Taa 

Tai 

U,2 

Taa 

Taa 

5.0 

Taa 

Taa 

5.2 

Taa 

Taa 

6.U 

Taa 

Taa 

70.5 
57.5 
61.9 

70.0 
63.3 

71.2 
68.6 
69.3 

ro 

6U.9 
70.7 
69.9 

65.0 
67.5 
62.0 
67.0 
61.0 

59.5 
71. » 
70.8 
66.0 
70.7 

68.5 
69.6 
66.2 
70.9 

66.2 
6J.2 

67.7 
68.7 
71.U 
70.0 


92 
92 
9« 
90 
90 

90 
93 
88 

96 
100 

92 
•5 

95 
90 


93.U 

88 

92 

90 

*? 
9U 

88 

9U 
98 

92 


56 
51 

s.5 
50 


;  iiaM 


liBLI  II  —  AHALTTICAL  HJkXi.  OB  BBCT  SaOLR  SAMPUS,    1939  CAKPAIffll 


DlT.IO. 


Color 


ToaaiD£ 


pH 


.  Tartldlty 

B-r 


Ash 


3901 

3902 
3903 
390it 
3905 

3906 
3907 
3908 
3909 
3910 

3911 
3912 
391? 
391'* 
3915 

3916 
3917 
3918 
3919 
3920 

3921 
3922 
392? 
392'^ 
3925 

3926 
3927 
3928 
3929 
3930 

3931 
3932 
3933 
393* 
3935 

3936 
3937 
3938 
3939 
39»to 

It 


90-8O 
95-95 
85-80 
85-80 
100-90 

95-90 
115-90 

120-95 

95-85 

100-95 

95-85 
90-85 

85-80 

90-8O 

100-S5 

135-120 

90-80 

105-85 

115-85 
90-8O 

105-100 
90-8O 

100-85 
95-80 

105-85 

125-85 

90-80 

95-80 

100-85 

95-80 

95-85 

85-80 

95-85 

100-90 

90-85 

95-85 
95-85 

100-85 

90-75 

100-80 

85-80 
100-85 


394? 

100-80 

90-8O 

39>^ 

95-85 

39W 

110-95 

39H7 

90-«) 

39>« 

95-85 

39H9 

90-80 

3950 

115-95 

Index 

6.0 

15.0 

k.6 

1.5 
1.9 
3.7 

6.1 
12.3 

13.9 
11.8 
12.9 
3.1 
12.6 

8.2 

7.0 

6.6 
<5 

9.2 
k.l 
7.8 

1.0 

u 

6.U 
3.9 

8.1 
9.6 
e.k 
9.7 
8.3 

2.5 
11.8 

lU.2 
U.9 

21.5* 

6.7 
1.3 
5.7 
5.9 
7.1 

6.8 
lH.8 

2.0 
1-^ 

2.3 


6.9 
70 
6.9 
7.0 
7.0 

70 
6.9 

7-0 
7.0 
6.9 

7.0 
6.9 
7.0 
7.1 
7.0 

6.9 
7-1 
7.0 
7.0 
7.0 

7.1 
6.9 
7.0 
6.9 
7.1 


7.0 

7.1 

6.9 
7.0 
7.0 
7.0 

7.0 
7.1 
7.0 
6.9 
7.0 

7.0 
7.0 
6.9 
7.1 
7.0 


7.0 


-log  t 

0.00578 

0.02078 
0.00705 
0.00413 
0.00993 

0.00618 
0.00l*6l 

0.001*55 
0.00672 

O.OU25 
O.OOSUl 

0.01155 

0.00887 
0.001*87 
0.01180 

0.01382 
O.O0U97 
O.OO5O8 
O.OO5S9 
O.OO5O8 

O.OO9I4O 
0,00699 
0.00870 
0.00371 
0.00573 

0.00683 
0.01011 
0.00628 
0.00619 
O.CO35O 

0.01673 
0.0051*6 
0.01071 
0.01382 
0.00539 

0.00335 

0.00987 
0.01017 
0.00716 
0.02237 

0.010U6 
0.00360 
0.00750 
0.0O7J3 
0.005«6 

0.00722 

0.011*92 

0.00762 
0.01077 

0.00l«02 


Index 

11.3 
35.0 
13.6 
8.2 
IS. 6 

12.0 

9.1 

9.0 

13.0 

20.8 

16.0 

27.5 

16.8 

9.6 

21.7 

2U.9 
9.8 

10.0 

11.5 

10.0 

17.7 

13.5 

16.5 

7.5 

11.2 

13.2 
I8.9 
12.2 
12.0 
7.0 

29.3 
10.7 
19.9 
28.5 
11.5 

6.7 
I8.5 
19.0 
13.8 
37.1 

19.5 

7.2 

ll*.l* 
lu.l 
10.7 

13.9 

26.6 
1U.6 

20.0 
8.0 


Percent 

0.0056 
0.0120 
0.0108 
O.OOSU 
0.0199 

0.0095 
0.0062 
0.0089 
0.0108 
0.0079 

0.0172 
0.0076 
0.0105 
0.0088 
0.0108 

0.0127 
0.0093 
0.0059 
0.0077 
0.0126 

0.0173 
0.0107 
0.0116 
0.0117 

0.011*6 

0.0118 
0.0121 
0.0111 

0.011*7 
0.0059 

0.0130 
0.007U 

0.0200 
0.0130 
0.0233 

0.0090 
0.0072 
0.0078 
0.0067 
0.0100 

0.0200 
0.0087 
0.0052 
0.0098 
0.0085 

O.Oll« 
0.0130 
0.0132 
0.0085 
0.0082 


SO3 

"57r 


Total  SO, 


01 


la^O 


Color 
B-r 


Barley  Candy 


pH 


InTert 
Su^ar 


Suoroae 


1 

11 

7 

6 

67 

3 

9 

10 

12 
10 


5 
1 

1 

2 

9 

10 

10 

9 

10 

11 

13 
13 
13 
19 

5 

lU 
9 

28 

18 
13 

9 
6 

8 
2 

3 

11 
5 

1 

2 


p/» 

l5 
11 
19 

7 
15 

12 

17 

'I 


3 

2 

3 
5 

2 

22 

1* 

5 

2 
7 

K 
8 
5 

31 
3 

10 
9 
2 

18 

u 

6 

7 

22 

'I 

6 
3 

2 

1* 

ll* 

1*8 

7 
3 
3 
5 

8 
U 
29 

2 
Ik 


9 
11 

6 
6 
5 
3 
1 

1 
1 
3 
1 
1 

1* 

2 

6 

11 
ll* 

1* 

12 

7 

6 

18 


2 
1* 

6 

21 
6 
33 
11 
33 

2 
1 
1* 

2 

7 

3'* 
7 
6 

1 
1 

10 

13 
1 
9 
5 


p/n 

8 
16 
11 

13 
27 

13 
11 

8 
10 

ll* 

20 
16 
10 
8 
13 

12 

9 

8 

10 

9 

ll* 
8 
8 

7 
7 

7 

10 
7 
7 
7 

5 
9 
6 
7 
11 

6 
12 
13 

9 
9 

8 

8 

11 

12 

11 

11 
10 

6 
11 
11 


10 

1* 

5 

10 

17 

9 
5 
9 
6 
1 

8 
3 

2 

5 
9 


10 
23 

7 

10 

8 

3 

13 

5 
3 

1 

10 

6 

7 
3 

20 

I* 

21 


1 

7 

10 
u 
3 

12 

2 


p/a 

U 
33 
39 
17 

53 

30 
ll* 

21* 

25 

Trace 

65 
8 

% 
7 

31 
11 


25 

72 

17 
31 

ll 

35 
32 
29 
52 


31 

55 
28 

75 

28 
12 

2 

ll* 

85 
15 


^3 
31 
50 

20 


Index 

9.8 
16.0 
12.0 

9.3 
U.5 

11.1 
7.2 
10.6 
13.2 
12.1 

21.5 
21.2 
11.0 
■9.6 
17.7 

1U.8 

13.2 

7.5 

9.2 

12.2 

19.8 
12.3 
10.5 

9.6 
11.7 

11.8 
12.3 

12.p 
^'•? 

7.'* 

12.7 
9.2 

12.8 
11.1 
IU.6 


'^.7 
'*.7 
U.8 
U.8 
'*.7 

1*.8 
>».8 
>».9 
l*.8 
U.g 

■*.g 

u.8 
1*.8 
»».7 

I*.  8 
H.7 
H.8 
>».7 
'».7 

»».8 
■t.8 
>».7 
1*.8 

'♦.7 

'^.7 
i*.6 
i».7 
i*.8 
i*.7 

l*.7 
1*.8 
U.6 
U.7 
i*.8 


Percent 

1.62 
1-55 
l.W 
1.31 
1.5'* 

1.69 
I.U9 
1.56 
1.75 
1.56 

1.52 
1.89 
1.78 

1.75 
1.50 

1.36 
1.59 
1.47 
1.55 
1.38 

1.37 
1.52 
119 
1.56 
1.23 

i.'*3 
2.29 
1.98 
I.3U 
1.56 

1.57 
1.52 
1.5>* 
1.62 
1.27 


7.6 

U.7 

1.U8 

11.8 

l*.7 

1.63 

12.3 

■♦.7 

1.96 

10.1 

U.8 

2.20 

11.9 

U.8 

2.32 

16.5 

U.7 

1.77 

10.2 

U.7 

1.6U 

7.0 

U.g 

1.80 

13.3 

U.g 

1.57 

13.9 

U.7 

1.83 

17.3 

U.8 

1.U7 

16.3 

U.9 

1.85 

n.6 

U.8 

1.82 

10.0 

U.9 

2.28 

7.2 

5.0 

2.23 

96.59 
96.UU 
96.7U 

96. 89 
96.89 

97.0U 
96.7>* 
96.UU 
96.7U 
97-65 

96.29 
96.29 
96.59 
96.89 
96.59 

97.35 
96.5? 
96.7I* 
96.59 
97.50 

97.07 
96.7'* 
96.59 
97-19 

97.35 

95.98 
95.07 
96.7'* 
96.UU 

96.59 

96.13 
95.23 
97. OU 
96.29 
96.7U 

95.83 
96.29 
96.59 
9'».77 
95.23 

96.7't 
96.5? 
97.0U 
96.29 
9'*.77 

97.0U 
96.UU 
96.UU 
95.83 
96.29 


tiBii  11  ~  iSALmcxL  msi.  01  Bnr  soqab  sahpus.  1939  cahpaict  (oomaroiD) 


Ctrbo- 
liydrat* 


3951 
)95Z 
395? 
395lt 
3955 

3956 
3957 
3958 
3959 
3960 

3961 
3962 
3963 

3965 

3966 
3967 
3968 
3969 
3970 

3971 

3972 

3973 

397^1 

3975** 

3976" 

i53po 
1938-39 
1937-3? 
1936-37 
1935-36 
l93i|-35 
1933-34 
1932-)3 
1931-32 
1930-31 
1929-30 


toaaliie 


Color 


PH 


Turtldlty 


T^T" 


1th 


110-95 

95-gO 

100-95 

120-100 
90-80 

85-80 
11*5-100 

go-so 
100-90 

95-80 

90-K) 
100-95 
120-100 
90-80 
95-85 

90-75 
85-80 

105-90 
85-80 

115-90 

90-85 
110-90 
110-90 

90-80 

95-85 
90-BO 


98.5-85.7 
101-82 

98-83 

92-71 

83-72 

8if-73 
88-72 
90-72 

96-65 
90-65 

125-68 


index 

U.i 

15.6 

7.7 

7.2 

11.0 

3.5 

19.6* 

12.3 

1.5 

6.5 
1.8 
6.3 
8.0 
8.1 

1-^ 
^.1 
2.2 
5.6 
6.3 

9.0 
6.2 

k.i 

l.k 
9.0 


7.2 
7.5 
8.16 
9.>t 
10.3 


7-1 

6.9 
7.0 
6.9 
7.1 

7.1 
7.0 
7.1 
7.0 
7.0 

7.0 
7.0 
7.0 
7.0 
6.9 

6.9 
7.0 

6.9 
7.1 
7.0 

7.0 
7.0 
7.0 
7.0 
7.2 


7.0 
7.0 
6.9 
6.8 
6.8 
6.8 
6.8 
6.8 
6.9 
6.9 
6.9 


-log  t 

O.OO8I6 
0.00853 
0.01896 
0.00617 
0.0093U 

0.00600 
0.00508 
O.OI896 
0.01267 
0.00321* 

0.01230 
0.00503 
0.01053 
0.00824 
0.001*82 

0.00928 
0.00688 
O.OO3OU 
O.OOU87 
0.00957 

0.01053 
0.001*76 
0.00801 
0.00535 
0.001*1*5 
o.033'<5 


0.00829 
0.00655 
0.01128 
0.01159 
0.011*82 
O.OI9U9 
0.01938 
O.OIS63 
0.0221*5 
0.03191 
0.06  f 


Index 

15.5 
16.2 

32.5 
12.0 
17.6 

11.7 
10.0 

32.5 
23.1 

6.5 

22.5 

9-9 
19.6 
15.7 

9.5 

17.5 
13.3 

6.1 

9.6 

18.0 
19.1* 

15-3 

10.5 

8.8 

50.0 


15.6 

11.1* 

19.76 

20.5 

2l*.6 


percent 

O.OlOl* 
0.011*8 
0.0129 
0.0068 
0.0105 

0.0138 
O.O1U8 
O.OI2I* 
0.0111 
0.0103 

0.0139 
0.0130 
0,0142 
0.0076 
0.0069 

0.0068 
0.0161 
0.0121 
0.0092 
0.0113 

0.0111 
0.0103 
0.0119 
O.OO5I* 
0.0105 
0.001*0 


0.0110 
0.0109 
0.0116 
0.0135 
0.0132 
O.OIUO 
0.0197 
0.021*5 
0.0271* 
0.0389 
0.01(27 


803 

total  SOg 

CI 

CaO 

■a^O 

KgO 

p/« 

p/n 

p/- 

p/» 

p/- 

p/- 

10 

2 

13 

16 

8 

27 

lU 

'I 

25 

13 

7 

itU 

lU 

15 

17 

11 

25 

6 

2 

3 

11* 

6 

7 

9 

3 

2 

19 

5 

25 

7 

U 

1 

12 

16 

32 

19 

9 

u 

9 

7 

n 

9 

10 

trace 

10 

5 

8 

2 

Trace 

15 

5 

28 

lU 

16 

U 

9 

9 

30 

16 

21 

17 

lU 

10 

32 

19 

il* 

17 

8 

5 

17 

15 

li* 

12 

7 

11 

'*3 

7 

9 

1 

10 

8 

6 

Trace 

3 

11 

6 

— 

5 

16 

7 

7 

5 



10 

27 

3 

10 

12 

i»5 

11 

13 

13 

6 

6 

30 

7 

u 

2 

10 

5 

12 

12 

2 

18 

8 

7 

27 

7 

15 

2 

8 

9 

15 

12 

5 

2 

6 

6 

38 

13 

18 

6 

8 

5 

39 

5 

2 

2 

6 

1 

5 

5 

1 

Trace 

6 

26 

5 

Vone 

lone 

6 

■~ 



9.3 

9.59 

7.U 

lO.U 

7.0 

25.9 

7.8 

11.5 
12.1* 

9.5 

7.8 

7.3 

27.7 

15.1 
lU.l 

11.8 

8.1* 

11.0 

32.3 
1*3.2 

12.1* 

6.2 

8.5 

13.3 

6.3 

13.7 

6.6 

8.5 

11.0 

■^.3 

15.6 

16.^ 
25.1* 

5.8 

8.U 

9.6 

1*1.3 

21.7 

lU.O 

1^.3 

10.8 

6i*.9 

22.1* 

26.6 

13.0 

16.0 

25.5 

102.6 

'*9.9 

25.1 

16.6 

16.5 

— 

95.5 

23.2 

— 

— 

— 

— 

Color 


Barley  0, 


Inver 


pH 


Invert 
Sncar 


Suoroie 


index 

10.8 
13.5 

12.4 

9.9 

12.8 

15.6 
13.0 
17.6 
15.6 
11.5 

12.7 

9.1. 

W.3 

10.1 

8.5 

9.9 
15.8 

8.8 
13.8 
10.1 

12.3 
10.2 
12.1* 

9.0 
10.1* 

2.7 


12.1 
IU.5 
13.5 
13.9 


I4.8 
U.7 
U.8 
U.8 
>*.7 

H.7 
1(.8 

U.7 
U.7 
U.8 

U.8 
U.6 
U.8 
U.9 
U.9 

U.8 
U.7 
U.8 
U.8 
U.7 

U.8 
U.8 
U.9 
U.8 
U.7 


U.7 

U.76 

U.7 

5.0 

5.0 

U.9 

U.8 

U.7 

U.7 

U.7 

U.5 


percent 

1.58 
1.66 
1.56 

1.52 

1.61 

1.60 
1.37 

1.80 
1.87 
1.88 

1.38 
1.75 
1.73 
1.69 
1.1*3 

1.59 
1.25 
1.78 
1.63 
1.86 

1.50 
1.52 

1.78 
2.29 
1.U2 
5.05 


i!S 
1.75 

1.18 
1.19 
1.07 
1.53 
1.42 
1.20 
I.U3 
1.60 


percent 

95.83 
96.2? 
97. OU 
96.UU 
96.29 

96.UU 
97. oU 
95.83 
96.UU 
95.98 

95.68 
96.13 
96.7U 
96.UU 
96.7U 

96.59 
96.89 
96.13 
96.UU 
96.89 

96.13 
95.83 
96.7U 
96.59 
97.19 
91.59 


96.U6 
96.73 
96.24 
96.95 
96.U6 
96.36 
96.67 
96.09 
96.27 
95.91 


,J  ^^  •olution 
3975-76  Special  sugars  not  Included  In  aTenges 


1 5/6/* 


ItBU  III  -  COMPABlinnc  JUXk  TOE  1930.  1931.  1972.  1971.  193U.  1935.  1936.  1937.  193»  mJ  1939- 


Apparant  Purity  of  Khita  Haaaeculte  Inrlildity.  -log  t  i  105  Aah,  )l  i  lo'  Snltataa  p/a 

r«.t(.rT       1930    I'in    1932    1933     1931    1935    1936    1937  1938    1939  1930  1931  193?    1933     193l>    1935    1936  1937  1938~1939  1930  1931  1932  1933    19Tt    1935  193b  1937  1938  1939  1930  1931  193?  1933  im    1935    1936  1937  193«  i9ir 

i           82.0    ehA    83.7    85.0    90.2    90.0    90.6    90.7  90.6    91.7  1706  33U3  1525    1008    3?30    U76      8O7  20'ti  12113    iU92  193  3i»  60  2'*       18       15  15  11  13  13  873  S"*  llt9  '•3  8         0       2?  17  22  H 

B              81.5     83-1     8U.9     85.0     90.4     92.6     91.9     92.2  93.1     93.2  59l»3  11067  21*79       603     1798       925       9U6  688  I171     1071  25U  6I  3?  30         17         19  23  19  16  20  1188  160  36  29  13         18        27  19  17  28 

0  Sll.l  83.6  86.3  86.3  88.1  90.1  90.0  89.5  90.1  90.2  2686  2378  373  3230  525  763  1182  648  319  503  89  58  25  20  15  U  15  10  U  13  36O  235  22  US  18  3  1$  19  2  « 
D            83.0    ell.9    85.7     86.9     88.5    90.3    90.'!    90.6  90.6    91.1  3819  1522  2179    1615     1091      1*8    ?313  1707  3U7?      5O8  95  *2  36  26       21        16  19  17  l"*  W.B  357  85  39  23  17         I       11  20  13  19 

1  85.5    87. ll    87.8    87.6    88.3    90.11    90.U    90.8  91.0    90.7  2791  21176  1892    1892     13I18    11136      720  975  1192      683  9«  3?  ?5  35        JO        12  lU  1?  12  U.8  309  27  3  23  21         0        10  21  7  13 

»           87.0    86.6    87.5    88.1    91.1    92.11    92.3    92.1  92.70  91.8  2179  "1733  3118    3007    39I13      8I13      887  789  605    1382  l?U  50  81  ?2       39       13  12  10  12  13-0  '•71  ^^  30T  3«  2'»<         0       12  16  3  1« 

0  8lt.7  86.2  86.0  85.5  89.0  91.6  91.*  93.1  93.60  9J.3  33'w  2896  2278  1615  2376  1008  iVi  578  397  993  "O  117  26  36  3?  15  17  12  13  19-9  105  191  26  «7  X29  2  20  21  10  b7 
B  89.8  90.2  90.lt  90.0  90.9  91.9  92. ll  93.6  911.20  911.0  1615  U73  lll6  763  1262  1892  782  882  96I1  762  17  19  ll  15  W  11  12  12  12  13.2  '  ^^  "  ^  °  °  ,  ''I  I  1 
J           - —    83.6    66.0    89.6    91.2    91.2    90.8    91-9  S^-^  92-7  175?  1522  l'»6      925    I176    1091    l't73  650  298      5W  lU  2ft  15  13         «         9  9  ?  U  7.»  ?  i?  J  ,J  ;         c  ^  i  ,? 

1  S5.U    86.5    87.2    88.3    88.I1    89.U    91.5  91.80  91.7  12826  13I19    30O8    13I19      683    1986 1875  503      573  32  30  29  29       17       21  —  "  W  l"*'*  3U  2?  21  10  0         b       —  ?i  »  u 

86.7    S7.9    88.0    88.0    88.9    90.7    91.1    98.6  glt.go  9I.2  1091  1792  8lt3      683     1798    189?      52U  I176  192      350  "  ^^  1°  ^          *         *  S  ,l!  ,1  '*!  li  Je  S  n  n         0         J  m  10  2 

86.7     87.0     88.2     88.0     88.9     91.5     91.3     91.8  92.70  92.0  5l65  2378  220     1008     1525     179*     1331  39611  1939     1077  28  18  10  9         10         11  8  21  11  8.5  "?  J?  .S  ..S  °          "           i  Cc  ^  jS 

13  12 

37  16 


86.7  87.0  88.2  88.0  88.9    91.5  91-3  91.8  92.70  92.0  5165  2378  220  1008  1525    1798  1331  3961  1939  1077  ?8  18  10  9  10  11  8  21  11  8.5  1  „  ,;  ~  0         0         1  16 

8I1.6  8ll.ll  86.6  86.9  87.7     89.8  89.6  89.9  90.50  90.5  1?62  1005  lAS  925  W36     1176  1011  911  1*29  1155  27  29  17  2?  16  12  16  ll  U  8.9  '  "  „  „  J  ik 

87.1  87.2  87.5  88.4  — 91.1  90.7  91.1090.9  toeg  1173  763  683 1305  1023  381  957  3*  18  29  18  -  -  13  12  15  11.3  'i  "l  ^^  [I  Z       7.       ^0  h. 

88.2  87.9  88.7  88.1 89.3  90.3  90.50  90.2  13l9  2178  1176  603 1217  987  1193  1230  ?2  15  I6  2l  -  --  W  13  16  13.9  7  9  2  13  10  Zl 


87.7    89.0    89.1    90.6    89.6    90.6    90.9    90.9    90.1091.0      3287    1O05      1I6      925    l?""!      68J      3?3      376      1I7      30l  ll        1?        17        16       13       ??       ,|       ,?       J?       "'i       ^!fo       :,?         I       \l        °o        S       1'       ll         5       i 

86.1    87.5    89.1    88.9    96.3    92.1    91.'*    91.5    91.9092.2      3697    33t3    16O8    2378    li36     118      683      ^1      503      870  3?       30       19         8       17         0       12       u       U       11.6         10       21         5       W         0         »       "       "       J         9 

87.1     87.7     87-8     90.0     90.0     90.7     91.3     91.9     93.60  93.1       2899     1522     2l79     "76     3U8     1615     I86I     llOl       661     lOU  31         20         21         16         11         19         13.         12  9         12.1  1?         i!  Z         A  i  "         ^         "         Z%        -.i 


8  87.1  87.7  87.8  90.0  90.0  90.7  91.3  91.9  93.00  93.1  2899  I5ZZ  ■:'*79  J-ifO  .>■"»  ^"15  iOOL  iwi  ooi  iv4_i  j-.  tv  o^  *«  --■  -^  -^  —  ^  — --  ,  „  T  IK  0  0  22  19          12         10 

I  1-  sf.i  g{.i  15.?  91.2  92.0  92.2  91.7  93.2093.0  iSi  2681  3008  13I9  371  763  919  9U  2|3  371  16  35  2I  1?  10  12  16  12  13  11.7  2  2?  3  15  0  0  22  19       12       10 

V  83,5  81.4  8I.5  86,4  91.7  91.1  92.2  91.5  92.00  93.1  lt36  2080  1986  1986  1798  2179  S"*!  8S7  661  821  9  17  18  ll  7  9  1?  8  7  7.6  0  5  5  5  0  2  15  iz         ■•         T 

1  81.1  81.8  85.0  81.1  90.8  90.7  91.2  91.5  91.30  91.5  3230  I3I9  l'*36  763  295  603  796  595  2e  716  ^t  }:^  ^  ^l  t  t  ^T  I  I  H  \  I  I  ]  I  0  V>  ll 

»  86.8  89.8  87.3  88.5  90.7  90.1  90.I  91.7  90.80  91.5  33^  2378  603  2278  925  925  127i«  864  3g  589  8  13  ll  85  7  7  7  8  7.7  iJ  i?  iS  1?  0  0  »  12 

I  81.5  85.U  89.6  88.3  90.9  91.2  90.0  90.2  90,9090.0  2581  1319  l^  m  603  296  I07  W  1^7  4i3  2l  ^  JJ  J^  10  9  1?  9  W  8.J  »  19  »  Jl  5  0  12  16 

I  87.2  86.6  87.1  90.7  91.5  91.0  90.1  91,9  91.20  93.1  5620  1592  925  295  39l3  6O3  552  733  278  705  19  17  19  17  12  15  10  11  IZ  l"."  a  1.1  , 


2  2 

10         6 


87.2    86.6    87.1    90,7    91,5    91,0    90,1    91,9    91.20  93.1      5620    I592      925      295    39I3 
innca     gj.e    86.1    «7.1    87,9    89.9    91.O    90.9    91,6    92,00  91.9      3100    2211    1305    1550    I638    111*     96l    1053      671      766  50       ?7 


2  7 

11,5         1I9         17         28         20         20  2         ll         17  9         12,6 


s§ 


O  O  W  00  o 


W  «  ftl        wo  iTvify^        «HrHK\r^K\       rAiAcuu^w        ojrAojW4^       fAcujAiOpA       fAftJrAlAo 


■I   ftl   r-l  «-4  (U  f-IOJir\AJjt 


Wj*  i«^f-«  K\      fti  fti  irtr>-^       ^t<^ftltf^o       Oftt«-«ftij»       u>«H«OfHtn 


d  tJ 

kI 


I'^S        '^'^''J*^"^         '^**^*^°        ^VOOVOW        JS-^OOJjJ-ftJ        >^0.=t-VOVO        M)VXJ«\i3W>         ftlftlVDOCU        Jt-fMCgVON        VAOOJirO         ft(VO«0j*vn         OU>ftJj±M         tOjtfftlBOO        iA-IDWWN         NOU>^0 


j»VDJ-W<r>        rr\Vi5  J-  60  r^       ^  OJ  Vj 


-t^      ir\j»  tr\(rvCTN 


^  »r\^  iTM^       fti  ^  r— ^  vo       <r«vo  ;^ftjj«-        ftivur^eoirN      ftij«;9-vo^        ftlJ*r«^  »«^vi>      vfi  k>  w  k%  kn       ir» 


"2*^"*.  **?^         "°*^*2*-l         '^^^^^'^^         O^Dj*ftJ*0        VOOWftJO         OOftiOCO         WJJtO^OO         ftiftJOOftJ        V^O^J*W         ftj^ftjftljl-         OWJlOJ*         OOftjeOW         OVAOOJtf^        Vi»OftJ«>^        Jd-^jtOVO         9v 


»1  W  CM  ftJ^  W>J)vnftJV£>         OW^WO        ^OM>j*VIl 

(r»t*-i-<*-D»H        wtriCovDco        WJ*o^o^t\J        i — \d  o  bo  w 


r  VX3  o  o  o 

^O  0^  iH  c\j 


o  o  o^  o 

r^cn  w  o  t-* 


3;*OO^Xl         ftJOOOViJ         Wj*WftJO        V^OO^W        VCftJ'JJJtO         0»^WjtU>         «Oftjnij»AJ         OWOWO         OOOVAtO         o 

uv^ocr»ftj       wa\r-<(Ti(H       r^  <y\vo  wi^     ^  o>  r^  a^to       r-*jt  tT\^i>  to       <T\to  <T\r^<T\     ^ffNh-ftjw      vOh-o^OH       »*^^  o  cjs  h-      o> 


I 


ss 


si 


ftJ^VfiftJ^  ftJOWWftI         ftjj*^j*0        VfiOVO-rt-PJ         ftJ'^OJ--rJ-        J-j^O^W         ftJVDJ-ftJV^         QW^ftJW         OOj±WO        ^tOftJWO         W^OOVO        VAftJJt^ftl        j*J*ftJW»         WVOOOJf'         ftJj*00*>         h- 

ftJftJJ^OH  rAdftJWftJ  rH  hlj*   »AlA         (TiMf-IwO  (AftJftJOrA        ^'rH^l^ftJ         VDt-^ftJ  Kl^  (r.OJ*r4j»  0^r-^Wr^O  WrHHOW  ftlftlftJffNO  IfNftJKMTNrH  K^»*^0;*0  ON  ON  J*  ON*-*         ^■*o**>*M  "i 

rHiHrHWrH  f-lf-tfH  rH  rH  t-i  i~*  r-1  rHrH  rH  i-lrHrHrH  rHrHrHrHrH  i-t  t~i  f~i  i-t  rHrHrHrH  rH  rHrH  r^  ••*  i-*  r-*  t-i  rA  t-t  ft  i-lf-trHrHrH  OJrHrHrHrH  f*  f-4  rH  i-trHrH  rH 


o  nj^  ftj  ftj      jt'J>ftjft]ftj      ^  w  w  J- o       wd-owj-      J*  ftj  o  ft]  w      ,d-j*ovx>ftj       w  to  o  w  to      j*^^ftjjj-w      jt  w^^  fti      ^  w  ftj  ftj  cu      to^^^yn      ftjoovi3u>     vo  oj  o  c\i  w      ^^jtcjoj      wmj^vdo 


KS 


u 


P    00  60  J-'  ^ 

ft]  fti         CM  »H 


jS-  o  w  W^        VO  O  ftJ  W  CJ 

vo  tw  cri  f^u)        r-  o  r^  fo  o 

rHiHrHKNrH  ftjm<HHrH 


r-VO  r^p  ftJ 
ftj  K>  rH  ftJ  r«-\ 


O  ftJ  ftJ  o  o 

W  ftJ  r^p  (T. 
»*^ftl  H  OJ 


^  W^  J-  w 

8f*-\iri  w  (T* 
ftJ  OJ  r^ 


ftlJ*  O^  ftJ 

J- J-  <r»ON  r— 


tVJ   W   fti   ftJ  J* 

O  W  ir\rH^ 


j*WVD^W        jfvj)ftJOO 


VOVOWVOftJ        KiA^VOftJO         OVOjtO^A         WVX>Hj^C\l         ftiftJWVOftI 

r-lj*   h^^  60  Jr*ftJrHWW  pWK\ftJr<         ^OOrHKN         ^-'^'»'>*MJM 

'^-^    i-TK\ftJ  rH  Kl  H  >-i  «  ftJ  rH  ftJ  K%«  iH  t*^  rH  J*  rH  rl  W 


® 


W  OJ^  OJ  ftJ 
rH  rH  O  O  O 


O  O   rH  rH  O 


^  rH  O  O  O 


^  W  O  ftl^O 
O  fti  O  O  O 


K)  ftj  ftj  o  cy 

ftJ   rH  O   rH  O 


ftj  to  w  o  o 
o  o^  o  o 


o  d  o  o  o 


W3  J-  O  ft!  ftj 
H  O  r^  O  G 


ftj  ftjvi>^  eo 
<D  S  O  O  1^ 


VD  ftj  OJ  O  ftj 
irid  d  rH  O 


ftJO-JJ^J* 
O  ftj  O  O  K^ 


O^  fti  w^o 

rH   rH  d  d  d 


d  d  d  d  d 


\X>^  ftJJl-  fti 

^  d  o  o  o 


ftivD  fti  fti  fti 
dddd  OJ 


ss 


gl 


o  o  o  o  o 
o  o  o  o  o 


O  O  Oi  O  fti 

o  d  o  o  o 


OJ  o  o  o  o 
o  o  o  o  o 


O  OJ  o  o  o 

d  o  o  o  o 


O  OJ  O  OJ  o 

d  o  o  o  d 


O  O  OJ  o  o 

d  d  d  d  d 


o  o  o  o  o 
d  d  d  d  d 


fti  o  o  o  o 
d  o  o  o  o 


o  o  D  o  fti 

dd  d  d  d 


ftj  o  o  o  o 
O  Q  d  o  o 


O  O  CU  O  OJ 
d  rH  d  o  o 


o  o  o  o  o 
o  d  d  o  o 


O  N  O  O  ftJ 

o  o  o  o  o 


\D  O  O  O  Ct 

d  d  o  o  o 


O  fti  O  O  J*        o 

dddo  o      o 


3" 

4*     ■ 


4ti 


rH  OJ  Kv*  irv  vo  r— to  o\o 

OOOOO  OOOOrH 

ctnctxOnonct*  c*n  on  ct^  a\  ct. 

KN  r*~»  K^  r<^  K\  r*~\  K\  r*N  KN  rr\ 


f-t  OJ  Kv*  ir\     VD  r-  eq  ON  p 


fr^t^^  ^cf^w^Q    5!2!P5^  "^5^^^^    [^2i.C^K   'f.!?:"S^S    ^^^5^  S^&SS'^    ri.f^p:>^ic;    I 


ONONONONON        ONONONONON        ^\  <^  (T\  <T\  tr\        a\  tTi  (7\  <T\  <^        0\qNqNCr»CJ> 


K^K^r<^K^K^ 


_._._._._-         CT\0\  ON  ON  ON 
KNKNKNKNKN         ?^KNKNKNKN 


tTNtfNU     _ 
OS  ON  ON  ON  On 
KNKNKM*-»»^ 


Ov  0\  ON  ON  ON  - . 


/ 


5/6/i«J-Tri 


TORMJLA  BATlgOS  Or  THE  STOASS  JBD  APDITIOMAL  OPMATiyQ  DAgA 


Ut. 


°3-f     •  :' 


i      5^f      i     Total 
„,,         ,      —1.     I     Color     :     SOg,  i     Turl>ldlty  :     Pomal* 

tabtr     tjx    IQJ  t     Ind>»     t     j  x  W  t         laiUx       i     Hating 


fr«Hfao«tioo       1  White  :Hith 

:  KaBB«eulte:VBmh 
I   Apiarent      :lpjBrent:  ^»par«nt 
Cycl>  !   PurltT  !Purlty     i  PgrltT 


Lov       H«»         Sttgtr 


lit  Llqiaor 


Vher«  returned 
to  Proc<t» 


;Tlltra-i  :Pouiida   : 

:   tloB     :  :per  ton 

:  Brli     :Teiip,ibe«t«     . 


~wr 


8\m£0  In  the  Proo«ei  Add«4 


~iPoiuide  I 
sper  b«(i 


ataje  In  the  Prooeti  Addf^ 


m 

5.« 

3902 

12.0 

W(* 

s.k 

JW 

6.2 

JSOI 

8.9 

1909 

10.8 

)91) 
)9W 

10.5 

8.8 

N16 

12.7 

)9ir 

9.3 

)»l 
)J31 

3536 
3S37 

m 

3!te 
)<)*} 

!W 
3S53 
3955 


17.J 
W.7 
U.7 
11.1 
13.0 

9.0 

7.2 
20.0 
8.7 
5.2 

13.2 
8.2 
llt.1 
12.9 
10.5 

10.3 
13.9 
7.6 
6.8 
16.1 

9.2 
11.3 
10.3 

';:2 


6.0 
15.0 
3.3 
1.9 
3.7 

6.1 
12.9 
9.6 
8.2 
5."* 


1.0 
6.1| 
8.1 

2.5 
11.8 
6.7 
1.3 

5.7 

2.0 

It.l 
15.6 
7.2 

1.5 
6.5 
8.0 
7.2 

".7 

5.6 
6.3 
6.2 

k.l 

3.lt 


'""H*     10.56  6.10 


1.9 

1.2 
1.7 

1.5 
0.3 
0.5 
2.2 
O.lt 


O.lt 
0.8 
3.1 
O.Z 
0.6 

0.6 

0.3 

k.l 
0.7 
0.3 

0.3 

1.6 
2.1 
0.9 
1.6 
2.7 

o.k 

0.2 
0.5 
l.S 
2.0 

1.25 


U.3 
35.0 
8.2 
9.1 
9.0 

13.0 
16.8 

9.8 


17.7 
13.5 
7.5 
12.2 
29.3 

6.7 
18.5 
19.5 

7.2 
l>t.ll 

llt.6 
8.0 
16.2 
32.5 
17.6 

6.5 
22.5 
15.7 
17.5 
13.3 

9.6 
18.0 

15.3 
10.5 

1U.68 


76.6 

36.6 
78.2 
81.6 

76.7 

68.6 
60.5 
78.0 
52.0 

75.1 


55." 
70.9 
76.7 

>t9.0 

81.2 
62.2 
1(9.0 
82.1 
7U.l> 

S7.3 

«0.1 
63.0 
38.6 

eu.u 

80.1 

55.0 
67.8 

66.9 
63.2 

d'.z 
73.6 
66.9 

78.7 
67.1)2 


— 

— 

93.8 
91.6 

gif.s 

92.l» 

High  Oreen  to  Ei^  Bw  ?u 

60.8 

.96 

.53 

Hl^  rmv  Belter 

"" 

"~ 

92.0 

9't.l 

2nd  Oarbonntion 

ii:J 

95 

.50 

Thick  Juloe 

~" 

90.0 

91.0 

85.6 

lit             ■ 

92 

■  32 

~~ 

~" 

90.9 

88.9 

88.0 

l.t             ■ 

72.7 

90 

.22 

Hl£h  vaeh  and  thick  Juloe 

"" 

~" 

90.5 

89.1 

89.1 

Blowpa 

72.0 

90 

.16 

Blow-up  etatloQ 

— 

— 

89.3 

86. U 

9U.U 

2nd  Carbonatlon 

58.7 

95 

.50 

Bo  date  (!▼•> 

"" 

— 

92.0 

91.5 

89.3 

lit             ■ 

67.11 

92 

.616 

Before  3i^  preeiei  -  Btudard  Llqoor 

0.2 

Oont. 

91.8 

92.1 

S6.7 

let             • 

70.1 

96 

.55 

Thl^d  preetei 

— 

— 

87.5 

83.5 

95.0 

Thick  Jnloo 

62.6 

95 

.16 

Thlok  Juloe  pretMi 

91.8 

90.2 

97.0 

Molted  In  thick  Juice  and 
tolled  to  El^  Bn 

" 

95 

.HO 

Thick  jTiio*  fUtratioa 

— 

— 

88.8 

8it.6 

97.5 

6>t.2 

95 

.1.9 

~" 

— 

91.1< 

90.0 

91.7 

lit  Carbonatlon 

65.3 

90 

.1*3 

Thick  JxLloe  preiiee 

— 

— 

93.0 

91.6 

92.2 

2nd  Carhon&tlon 

71.8 

99 

.50 

Standard  llqncr  reaeltere 

0.22 

Cont. 

92.7 

91.8 

91.2 

Ilffuelon  tanki 

69.3 

93 

.535 

Standard  liquor 

0,30 

Cant. 

90.7 

90.0 

90.2 

let  C&rhonatioa 

67.1 

92 

•  93 

Thlok  Juice  preetee 

0.22 

SnSjO^)  - 

91.9 

92.9 

91.1 

2nd  Carhonatlon 

70.5 

92 

.50 

Thick  Juice  filtration 

0.25 

Cont. 

90.3 

86.5 

98.1 

2n4           ■ 

57.5 

92 

:l^ 

Blow-upe 

— 

90.9 

86.9 

89.0 

2nd           • 

71.2 

90 

Tlret  and  eeeond  thick  JnlA  preeeee 

0.09 

2.0 

9>t.l 

92.1 

87.9 

To  hl£h  n»  pan  itock 

68.6 

93 

.1*0 

— 

93.8 

93.9 

97.8 

lit  Carhonatlon 

69.3 

88.6 

.211 

Blch  Miter 

« 

_ 

gu.o 

92.lt 

92.8 

lit  Cartonatlon 

6U.9 

95 

.71 

To  etandard  liquor  In  hl«h  aelter 

__ 

_ 

90.5 

89.5 

89.2 

let  Carh.  a,  Blgh  Ba«  Bane 

69.9 

88 

.18 

Thlok  Julca  etandard  elmp  preeeat 

_« 



90.5 

90.3 

90.0 

2nd  Carhonatlon 

67-5 

95 

.51 

_ 

_ 

91.5 

89.5 

90.8 

let            ■ 

62.0 

85 

;12 

0.25 

2.0 

92.1 

92.5 

93.1 

Llae  and  Jnlce  alzer 

61.0 

88 

Blow-l9i 

_ 

_^ 

91.8 

89.2 

86.7 

lit  Carhonatlon 

70.7 

87 

.21 

Blov-'ops  for  thick  Juice  filtration 

„« 



90.2 

87.5 

91.1* 

2nd           • 

68.5 

90 

.61 

71rtt  and  lecond  thlok  Juloe  filtration 

0.25 

15.0 

93.1 

92.9 

92.8 

lit           ■ 

70.9 

85 

.51 

Plret  liquor  preeie* 

93.6 

95.2 

re 

2nd           " 

69.2 

88 

.6U 

Thin  Juice  and  f  Iret  liquor  f  Utere 

0.30 

— 

91.5 

92.7 

Ei«h  «aih  at  hlfli  xelter 

69.5 

92 

.1.67 

711ter  preeies 

0.25 

2.0 

91.0 

89.3 

911.2 

BlowDpe 

65.S 

92 

.30 

Standard  liquor 

90.9 

91.3 

SS.7 

let  Carhonatlon 

67.7 

9U 

•57 

Bloir-^  tmke 

O.3U5 

Cont. 

91.5 

88.9 

89.8 

let           " 

68.7 

9U 

.56 

Before  3rd  prestee  (thick  Julca) 

92.1 

90.0 

91.5 

Hl£h  rav  pane 

71.1* 

98 

.32 

Thick  Julc«  preeiee 

— 

— 

93.9 

92.2 

91.3 

let  Carbonatlon 

70.0 

92 

.52 

Blow-iq>  before  preeaei 

Bleb  rev  aelter 


lov  mv  Belter 
Lev  raw  Belter 


In  raotloa  of  vraporator  evpplr  puap 


.09   Viret  prase  Jnloa 


.15    Orfetalllier  and  Ion  aalter 
.18    Hl4h  Belter  and  or7«iallltere 


.33  Sad  Oarb. filtrate  and  reaored  before  eraporatlon 

.10  Lov  raw  aelter 

.10  Hlch  fuc**  Mltar 

.006  Lov  rav  aelter  (ocoBaioaallT-) 


To  thin  Juloa  after  filtration  and  filtered  out 


.U  Hub  Belter 
.15  Lov  aelter 
.12    Bl^  raw  aalter 


.11  Standard  liquor  aeltar 

.12  Thin  Juloe  hollar 

.10  Before  thla  Juloa  filter* 

.117  Lov  aalter 

.096  BlovDpe  and  hlfb  end  lov  Belters 

.066  Crrstallliers 

.07  Lov  raw  aalter 

.07  Second  carbonatlon 

.12  Low  aelter 


91*57 


90.37 


91.68 


.U59 


5/7/W-Trt 


mix  n  —  naymi  yicmBas 
ToatnA  BtTUBS   or  thi  sciass  aid  ADDiTio«iL  opxatmc  ntit 


Snrlo- 

V     h     1 

t     e            1     u     «     «     r 

I         Predafacatloo 

.  White 

hydrat* 

DlT. 

B-I 
Color 
Indoz 

Tot»l                 B-I           : 
S02     ,:      TurbUlt7     = 
it  I  lO^i          Illd.x          ! 

foraola 
HatiDfi 

:CaO  or  aqulv. : 
:SBccharato        : 
:oa  beeta           :     Cycle 

:   Haateculta    : 

Apparent        : 
.    Pnrlty             : 

^                     Klmitat 

3903 

10.8 

1.6 

3905 

19.9 

S.k 

3906 

9.5 

1.5 

3910 

7.9 

13.3 

3911 

17.2 

13.9 

3912 

7.6 

11.8 

3915 

10.8 

12.6 

391! 

5.9 

7.0 

3919 

T-l 

6.6 

3980 

12.6 

t.5 

3923 

11.6 

7.8 

3925 

llt.6 

H.9 

3926 

11.8 

a 

3927 

12.1 

3929 

lt.7 

J930 

5.9 

3.9 

3932 

7. It 

9.6 

3933 
39311 

20.0 

S.ll 

13.0 

9.7 

3935 

23.3 

8.3 

393! 

7.8 

11.2 

3939 
39110 

6.7 

H.9 

lO.O 

21.5 

39>* 

9.8 

5.9 

391^ 

8.5 

7.1 

39H6 

llt.O 

6.8 

39^7 

13.0 

llt.8 

39'I9 

lo!^ 

7.lt 

3951 

7.5 

395>t 

6.8 

7.7 

3956 

13.8 

ili.s 

11.0 

3957 

3.5 

3951 

12.lt 

W.6 

3959 

11.1 

12.3 

3962 

13.0 

1.8 

3963 

IK.J 

6.3 

3965 

6.9 

8.1 

3968 

12.1 

2.2 

3971 

11.1 

9.0 

iTemg, 

.  11.51 

8.37 

1.1 

13.6 

•  7 

IB. 6 

'■.I 

12.0 

20.3 

•3 

16.0 

.2 

27.5 

.2 

21.7 

.5 

10.0 

.5 

11.5 

.7 

10.0 

.5 

16.5 

.3 

11.2 

1.0 

13.2 

.9 

18.3 

1.8 

12.0 

.k 

7.0 

.7 

10.7 

2.2 

19.9 

'■.I 

23.5 

11.5 

.2 

19.0 

.U 

13. 8 

l.lt 

37.1 

.3 

lH.l 

•5 

10.7 

.8 

13.9 

1.1 

26.6 

..2 

20.0 

.2 

15.5 

.2 

12.0 

.U 

11.7 

•9 

10.0 

1.0 

32.5 

.2 

23.1 

l.U 

9.9 

l.U 

19.6 

Traoo 

9.5 

1-3 

6.1 

1.5 

19. "t 

69.3 

— 

52.'. 

.03 

75.5 

~ 

58.6 



52.1. 

5-2 

52.9 

_ 

5^.7 

— 

76.6 

.10 

7U.0 

.10 

72.2 

.15   (I 

63.6 

_- 

69.0 

— 

68.7 

— 

58.7 

— 

67.1 

.15 

82.8 

_ 

71.6 

— 

19.5 

— 

'•7.3 

— 

5(..5 

— 

58.8 

— 

7't.2 

— . 

30.0 

— 

69.9 

Ho  data 

73.2 

.2 

6U.5 

„ 

ltlt.5 

.. 

63.9 
66.U 

~ 

— 

73.3 

~ 

63.1 

.50 

70.8 

— 

3>t.5 

— 

53.3 

— 

73.9 

— 

58.5 

— 

75.5 

— 

78.3 

— 

59.0 

~ 

Normal  lac 


Cont. 
2.0 


16.29 


63.07 


93.1 
93.3 
32.3 
89.1 
91.0 

92.1 

92.0 

92.1 

91.5 
91.3 

92.2 
91.7 
90.7 
93.1 
91.7 

9't.2 
92.7 
93.2 

91.8 
s9.'-< 

92.7 
91.5 
90.1 
92.6 
91.9 

90.37 
91.70 
92.0 

92.3 

93.2 

91.7 
91.1 
91.7 
90.6 
90.2 

92.lt 
93.1 
91.0 
9it.o 

91.36 


31gh 
Vash 
Apparent 
Purlti 


91.1 
92.0 
90.7 

89.6 
S3.U 

90.0 
90.2 
89.9 
89.8 
92.5 

90.8 
89.'-l 
83.2 
91.6 
38.5 

9't.9 
87.9 
92.6 

89.5 
87.1 

92. U 
92.2 
89.1 
89.8 
90.7 

37.12 
91.6 
91.8 
91.0 
37.2 

89.6 
38.6 

89.6 

90.3 
37.1 

90.5 

6fi.3 
89.9 
93.2 

90.06 


Low      Haw 


Appareat 
FurltT 

9*  .3 

^.S 
87.6 

9^.5 

98.1 

95.6 
93.1 
93.1 
95.S 

92.8 
91.1 

Sit.? 

93.7 

89.5 

95.3 

93-S 
93-0 
93.8 
95.9 

97.1 
91.1 
90.5 
97-9 
97.6 

93.71 
9lt.O 
git.o 
92.3 
95.5 

9'i.3 
90.3 
91.5 

98.0 

56.9 

92.5 
97.3 

86.8 

9^.9 
93.a 


Vbara  returned 
to  Prccaaa 


I  at  Ll<fior 
riltr 


Brlx 


;PoaiulB    I 
:p«r  too: 


a     r    A  1  d 


■  Stey^e  la  tbf  Procyat  HAtA 


"TFoundt   : 
:par  b«e: 

■  "wwr    '■  ■ 


C     a     r    b     0     n 


s^Mt  V."  ^^f  Pr9^«i  AM*a 


Diffualon  Joioe 
To  hl^  ra«  paaa 
rirat   carbonation 
Thick  Julca  at  saltar 
Secood  cartwoatloD 

Beet  and 

Sacood  carbo&atloa 

Malted  in  arap. thick  Joio 
To  hl£h  rav  pan 


39*^ 
6s.S 
n.8 
56.3 

61.2 

59-8 
65.U 

68.8 
7I.U 
69.6 


Ahead  of  let  thick joa.&xtara  67. 0 

CarhooAtlon  taaka  68.3 

Hi£h  raw  paa  72.1 
Sulfur  at«tlon  ■easortagtaok  67. 1 

2nd  cnrbonatioQ  63*^ 

IntaT«adlata  pan  71.6 

?/3  lat  Carb.  i  I/3  blow-^op  66.3 

Tlrat  CATbooatloa  71-3 

Second  carbonation  72.3 

Blow-^q)  and  high  raw  pan  66.6 

Second  carbonetlon  6l.9 

Flrat   carbonation  70>0 

Flrtt  carbonation  63-3 

Second  carbonation  67>0 

Blow-up  ■  6^.2 

Pirat   carbonation  63.'*' 

Tirat  carbonation  68.1 

With  hl-green  to  hi-raw  pan  70-7 

Diffosioa  ■easnrlnc  tanka  6^.0 

flrat  carbonation  67. 0 

Hifih  raw  pen  59.^ 

rirat  carbonation  71-** 

rirat  carbonation  yO.8 

Second  carbonation  66.0 

yirat  carbonation  69.6 

Second  carbonation  66.2 

Standard  alnip  66.2 

lat  Carb.or  hl-raw  pan  67.7 

let  or  2nd  carbonatloB  67*7 


."•90 
.500 
.967 
.600 


99  -532 

92  .»0 

97  -7'«> 

96  .690 

95  -500 


93 
9« 
90 
97 
91 

65 
95 
87 

at 

e6 

9« 
90 
90 
96 
100 


.230 


.680 
."190 

-530 
■570 
.320 
-370 
.500 

.SllJ 

■17 
.90 

.7'> 


92  X.222 

85  .M 

90  .53 

92  -71 

97  -50 

90  1.01 

85  .>>< 

87  l.olt 

92  .KM 

V  .52 

^  .ks 

93.*  .2U 

90  .75 

gS  1.01 

.999 


Bafore  fllt.r  pr«aa«a  .125 

Blow-upa  .061 

Standard  alrap  at  blow-opt  >- 

High  Beltar  and  thla  Jca.aulfur  Hta..037 
Sulfur  atatlon  and  thick  Jca.flltan  -- 


Low  raw  .altar 
Sucar  .altar 


Thin  Julo.  aulfur  ■tntloa 


Blow-upa 

Thick  juiea  prasaaa 

lat  and  2od  thick  Joic  praaaas 

Blow-upa 

Ihaad  of  lat  thick  Jc«. filtration 
Standard  liquor 
Blow-up  thick  Juic 
Bafora  filtara 

Thick  Juiea 

Thick  Juica 

Blow-upa 

lat  liquor  filtara 

In  blow-up  thick  Jolc 

Hl£h  naltar 

Thick  Juica 

?irBt  llfiuor  bafora  filtration 

Standard  liquor  filtara 

Blow-up  thick  Juica 

Thick  Juica  preaaaa 

Thick  Jca.£raan  and  waah  filtara 
rirat  liquor  filtration 
Thick  Juica  filtration 
Standard  liquor 
Blow-upa 

Thick  Juica  filtara 

Thick  Juica  or  atandard  liquor 

Thin     and  thick  Julc 

Blow-up  filtration 

In  blow-up  thick  Julea  praaaaa 

Thin  and  thick  Juica  filtara 
Standard  elrup  filtara 
Thick  Juica  filtration 
Standard  liquor  filtration 


.00008     Low  Doltar 

.16  Sacond  carbonation 

.09  Thick  Juica  .altart  bafora  lat  rlltara 


.019         Cofflbinad  ultara 
.120        Low  raw  naltara 


.12  flicb  row  Mltar 

.10  Aftar  2nd  carb.  filtara 

.08  Low  naltar 

.X3  Uaad  to  finiah  eufar  and  la  maltara 

.13  Boforo  aecood  carbonation 

.20lt  Thin  Juica 

.13  Sacond  praaaaa  aftar  aulphltatlon 

.07  Cr/atalliiara  and  bUI'  ••llira 

.19  At  low  .altar 

.95  Ho.  3  body  of  tha  araporatora 


Low  .altar 
High  raw  maltar 


.67     Sacond  carbonation  or  thin  Julea 


.10    Aftar  2nd  carb.  filtration 
.159    Low  raw  .altar 


Staffan  houaa  foaa  braakar 


Blow-up  thick 
StandJtrd  liquor 


MnUta.. 

vorted 


'  twU 


6.2 

9.26 

6.59 

5.W 

7.23 

5.52 
3.33 
3.05 
8.35 
S.Us 

5.75 
7.11 

5.95 
6.82 

e.15 
8.3 

6.62 
9.05 
5.70 
5.92 
5.32 

x.its 

6.51 

6.19 

6.69 
7.» 

7.83 
5.97 
7.00 
7.36 
6.l»3 

5.95 
e.51 
U.66 
5.01 

6.70 


4r.«>  ao       WW  f«-\vo  h^     ^ 


!,SgS> 


w  <y\j*-  iHi       tH^   i«oa%      i-«-\f\jcyiHO      OM*^or^i 


'Ssi.gg.©    ©ilRI     ©©©z^i     d§,IB&    ©siS,^^    Sg,©?, 


O^K\       VAIU^CVIr^  I      I      IIOI  •-<tH«\l<r>W 


?>w  < 


cr\  I        Q  f-i  cncnc 
w    I        9\a\«o  to  < 


|irir^i»>      toirM<ic\jm      t—  t    inji        i^«oincr\i        wr^ivoov      r-cuvOrHVu       cr>tO(\jir>i       ^ii<->«ou->     va^i-io»^       i     i»oi 

■'*'  •••*•  ■llal  ■&>.■  ..!._  _..mk  ••••■  -I...  .....  ■■_.> 


a\  1  cn«o  o%      CO  BO  1 


I 


a\o\  I  c\ 


© 


OOO  OQ»-IOrH 


&I 


iricy^OOJ      ^ItrvrHio      ^\A^wcj       r*^|    imjo      VDcgmooi        K\c\jio^i>       i^ij 


cvi  to  ao  (\j  ^       ir\  I  irtu>  u> 


jtu)  r~-<T>vo 


w  <riO  i^«> 


I  ^  WVX)  «0 

o  cy  cu  iH 

I    CTN  CT\  CN  0^ 


9s  I     I  §>< 


cy  <7\  I  J-  (<-v 


r'\^vo  jf  jj- 


a^i-l   I  vo  f-i 


<r> 


---         -1 I 

Q2\cvjiH       cyioQff*      2^l^f-lo^c^J       cvjf-iQi-ii 
<T»  SO  c^  o^      o>  I  o^  o^  io       oo  o\  ct\  to  OS      cs  onos  on  ) 


KNO  OJ  »r*vD 


cjMrvr«-oj  cu 


i«^  I  r—  I 


I    f-l    I   w    t 


Sio\a\  I 


OS  I  *>  I       S>*\o\*>  i 


lOCVJVDCStO         l^r^KNOI^        W  I-!  CVI  rr\J* 


S  OS  OS  OS  CTN 


OS  OS  o\  o\o\ 


ruocyvoos      a\wwK^r^     \oo\iwk\ 


iH  rH  r«S<\l  K\ 
OS  OS  o>osos 


a 


S" 


^    J 


5 

I 
I 

a 


Jt<:*  tr^J±  W 


60  cTv^  ir»eo 


W  mBO  60^ 


cy  r*^cy  roir* 

Q   rH  Cy   r4  «H 

o^  o%  oS  o>  cT% 


if\K><r\vor^      Boa\^c\j^       booknw^       ir\r^vf>a%o       K\h^BO  o  o 


h-vo  w  ITMr^ 


OJ  W  «H  Q  Q         OQ-=*'ff'f 

oS  c\  C7\  tfN  0^      o^o^o^'BO< 


t-\   K\C\J   C\J   rH  iH   f-l  CU  H  r<^ 

0^0^0'^0^o^      <y\o\<T\0\Os 


cno  BO  ONBO      r*-        o 


<T\0  OJ  O  i-l 

w>  <T\  Q\  cr\  <T\ 


ir\  r*-  Kv*  CTi      ro  k^v^  itv  r—      f-  r<^  a\  tr\  o       cr\^  j*  o  k%      c\j  ^  bo  h-vo       ir»  o  iH  i-t  in     j±  »*-\Vi)  *h  ir\      w  irwo  j*  bo       o  k\^  r*-  <t\      in  bo  vo  v/>  w       h^vd  o«Hr^      incur— r*-«o       r*^  h\^  o  in 


J*  o  h-inin 

row  fH  rH  i-l 


H  ftj  r*^^  in  vx>  r*-BO  cr»o 

ooooo  QOQQfl 

<r\  (r»  ON  <T\  ON  ON^TvONONaN 

r*M--»  ro  KN  en  mr<^mm»<^ 


fH  cvi  r-^iJt 


in     »>o  r— BO  a\p 


iH  cu  r«^J*•  in 

CVJ  CM  CVJ  C\J  C\J 
ONOS  OS  CTN  ON 

roror-\r<Nro 


vor— MONO  rH  w  roj*  in 

W  OJ  w  cu  ro  romroroto 

0^<y\0\<X\^^  ON  ON  ON  ON  ON 

mroror^H^  ror«^r*Nr«^m 


mromi'va' 

ON  ON  ON  ON  o\ 

^omK^r*^m 


ON  ON  ON  ON  ON 

roror*^roro 


J- it  J*  3-  in 

ON  ON  CJNONON 

f*^  r<^  KN  ror'N 


rA  CVI  r-%j*  in 
tninininin 

ON^  ON  ON  ON 

mror*>r*Nro 


iH  CU  r<^j*  in 


VO  r— BO  C7\0         rH  cu  r*"\*^  m        VDr-BOONO         r4CUr<^ 

ininSNinvB      s3C5voXZ>Cb      v£»m>vovoi--      J::';:';: 


a%ONO\o%ON      a\ONO\cr»ON      cnoNONONON      o>ONO>g>a> 
ro  r<N  H^  r«^  r*^      r<^  ro  ro  i<n  r«~v       rororo»«^r«^ 


romr*Nr*M<^ 


85 
80 
75 

/ 

^ 

»- 

/ 

V 

y 

^ 

r*^ 

, 

/^ 

70 

lO' 

:io^A\ 

CD  A/ 

~c-    r\\ 

-  ALL 

Jtci  ir;  A  D  c. 

-firt  r\c       r*o 

iy»^tJ    /-vv  t-rvr^vjt.      \^f 

r^^Kjs. 

j/-Kr\»j    v^9>vy« 

J     r    ' 

i                  1                  1 

71^39  NON-STEFFEN^AVERAGE-67.42      1 

65 

1939-AVERAGE    OF  ALL  ^SUGARS-65.\2 

1  n 

J     ■  ■ 

l939-STEFFEN..«^VERAGE-63.07  iP^ 

60 

-193' 

^-AVERAGE   OF 

[all  SUGARS 

{59.2A   - 

55 

J 

r 

i 

( 

; 

^ 

I 

50 
45 
40 
35 

J 

1^ 

J 

/ 

\ 

[ 

, 

( 

} 

/ 

LEGEND 

ou 

•    SUGARS   OF  STEFFENS  FACTORIES 

O    SUGARS   OF  NON  STEFFENS  FACTORIES 

25 

20 

15 

10 

FORMULA  RATING  OF  THE  SUGARS  OF  THE  1939 

CAMPAIGN  AND  AVERAGES  OF  THE  1937,1938 

5 

0 

AND  1939   CAMPAIGNS 

' 

F 

^LA- 

TE 

1 

-lo- 
ll^  REPORT  ON  BIOLOGICAL  STUDIES  OF  SUGARS 

By  H.  H.  Hall,  Food  Research  Division 
Bureau  of  Agricultural  Chemistry  and  Engineering 
U.  S.  Department  of  Agriculture. 


In  this  section  of  the  report  data  are  presented  regarding  the 
biological  quality  of  the  sugars.  Examination  of  the  samples  v/as  made 
to  determine  relative  amounts  of  substances  which  stimulate  the  growth 
of  yeasts  in  sugar  solutions  and  which,  therefore,  help  to  determine  the 
suitability  of  the  sugar  for  use  in  the  manufacture  of  beverages.  The 
samples  were  likewise  examined  for  various  micro-organisms  which  influence 
the  suitability  of  the  sugar  for  use  in  canning,  manufacture  of  beverages, 
and  dairy  products. 

The  data  were  obtained  by  the  examination  of  samples  described 
in  the  preceding  part  of  the  report,  and  the  same  Carbohydrate  Division 
numbers  have  been  used  for  identification.  The  results  are  given  in  two 
parts,  namely,  (1)  the  examination  for  yeast  stimulating  substances,  and 
(2)  the  examination  for  thermophilic  and  mesophilic  organisms. 

Part  1 ,   Examination  for  Yeast-Stimulating_Substances 

The  significance  of  yeast-stimulating  substances  has  received  con- 
siderable attention  by  numerous  investigators  during  recent  years.  Com- 
prehensive reviews  of  this  entire  subject,  under  the  heading  of  "Bios", 
were  published  in  scientific  journals,  as  follows:  "The  Bios  Question" 
by  F.  W.  Tanner,  published  in  Chemical  Reviews,  volume  1,  397-472  (1924), 
and  "Review  of  Bios"  by  W.  L.  Miller,  published  in  the  Journal  of  Chemical 
Education,  volume  7,  257-267  (1930).  Numerous  other  papers  regarding 
"bios"  have  been  published  in  several  scientific  journals  since  the  later 
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review  was  written.  The  significance  of  these  substances  in  white  sugar 
was  discussed  in  a  previous  report  (Report  on  Biological  Studies  of  Sugar, 
1932)  and  in  an  article  entitled  "Yeast  Growth  Stimulants  in  White  Sugars" 
by  Hall,  James  and  Stuart,  published  in  Ind.  Eng.  Chem,,  volume  25,  1052 
(1933),  in  which  a  practical  laboratory  method  was  given  for  the  determina- 
tion of  yeast  stimulants  in  sugar.  The  location  of  stimulating  substances 
with  respect  to  the  surface  of  sugar  crystals  was  determined  and  reported 
in  an  article  "Crystal  Surface  Contaminants  and  Biological  Quality  of 
Sugar"  by  Hall  and  James,  published  in  Facts  About  Sugar,  June,  1936. 
Briefly,  it  was  found  that  these  substances  are  located  at  or  near  the 
crystal  surface,  and  that  elimination  is  facilitated  by  the  complete  removal 
of  mother  liquors  from  the  white  sugar. 

Various  samples  of  sugar,  taken  from  different  factories  and  repre- 
senting variations  in  methods  of  purification,  were  studied.  In  testing 
these  samples,  the  amounts  of  yeast  growth  obtained  in  10  percent  solutions 
of  the  sugars  were  used  as  a  basis  for  classifying  the  sugars  on  what  might 
be  termed  their  "biological  quality." 

During  the  past  campaign  the  same  procedure  was  followed  as  described 
in  the  report  issued  in  1932  and  in  the  article  by  Hall,  James  and  Stuart. 
Seventy-five  samples  of  white  sugar,  collected  by  the  Carbohydrate  Research 
Division,  were  thus  classified. 

The  number  of  yeast  cells  placed  in  each  test  sugar  solution  (i.e. 
the  "inoculum")  is  rated  as  one  unit,  and  the  number  of  cells  developing 
on  incubation  in  any  one  sample  is  considered  a  multiple  of  the  number  of 
cells  in  the  inoculum.  This  total  yeast  growth  is  termed  the  yeast  crop. 
The  samples  are  ranked  in  ascending  order  of  their  yeast  inoculum  multiples. 
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and  are  identified  by  their  Carbohydrate  Research  Division  numbers.   The 

results  are  given  in  Table  I,  page  13. 

The  results  of  the  examination  show  that  the  average  amount  of 

yeast  stimulating  substance  is  slightly  larger  in  the  samples  this  year 

than  in  the  campaign  years  1937  and  1938.   The  average  yeast  inoculum 

multiples  for  all  the  samples  during  the  past  five  years  are  as  follows: 

Year  Yeast 

Inoculum 

Multiple 

1939  9 . 1 

1938  7.6 

1937  8 . 0 

1936  8.6 

1935  12.4 

Again,  this  year,  there  is  a  slight  correlation  between  the  amount 

of  yeast  stimulating  substance  and  the  ash  content  of  the  sugars.   The 

average  ash  content  of  the  sugars  having  multiples  less  than  10.0  is  0.0104 

percent,  as  compared  with  0.0117  percent  for  those  having  multiples  greater 

than  10.0.   These  are  almost  duplicate  values  of  those  obtained  for  the 

samples  last  year,  which  were  0.0106  and  0.0116  respectively,  indicating  a 

difference  in  the  biological  quality  of  the  samples  during  the  past  two 

years  which  is  not  correlated  with  the  ash  content  of  the  sugars. 
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TABLE  I 


Ranking  of  Sugar  Samples  Collecteci  During  1939  Campaign, 


Carbohydrate 

Yeast 

Carbohydrate 

Yeast 

Division 

Inoculum 

Division 

Inoculum 

Number 

Rank 

Multiple 

Number 

Rank 

Multiple 

3968 

1 

1.9 

3901 

43 

8.7 

3975 

2 

2.4 

3922 

44 

9.0 

3932 

3 

2.5 

3928 

45 

9.0 

3949 

4 

2.9 

3955 

46 

9.3 

3939 

5 

3.0 

3943 

47 

9.4 

3962 

6 

3.7 

3959 

48 

9.4 

3974 

7 

3.7 

3906 

49 

10.0 

3934 

8 

4.3 

3972 

50 

10.0 

3944 

9 

4.3 

3917 

51 

10.2 

3969 

10 

4.4 

3940 

52 

10.3 

3919 

11 

4.7 

3920 

53 

10.4 

3924 

12 

4.9 

3971 

54 

10.4 

3950 

13 

4.9 

3953 

55 

10.9 

3927 

14 

5.0 

3908 

56 

11.1 

3933 

15 

5.1 

3915 

57 

11.3 

3957 

16 

5.2 

3941 

58 

11.3 

3918 

17 

5.4 

3958 

59 

11.7 

3923 

18 

5.4 

3929 

60 

12.0 

3945 

19 

5.4 

3904 

61 

12.4 

3954 

20 

5.6 

3937 

62 

12.6 

3909 

21 

6.2 

3938 

63 

12.7 

3946 

22 

6.2 

3931 

64 

13.2 

3911 

23 

6.4 

3952 

65 

13.3 

3907 

24 

6.6 

3960 

66 

13.3 

3925 

25 

6.6 

3914 

67 

13.7 

3902 

26 

6.8 

3964 

68 

14.3 

3942 

27 

6.8 

3947 

69 

14.5 

3948 

28 

6.8 

3963 

70 

14.5 

3926 

29 

7.0 

3935 

71 

15.2 

3951 

30 

7.0 

3910 

72 

17.5 

3956 

31 

7.0 

3916 

73 

23.0 

3965 

32 

7.0 

3913 

74 

24.3 

3936 

33 

7.1 

3967 

75 

40.2 

3966 

34 

7.1 

3970 

35 

7.1 

3903 

36 

7.3 

3921 

37 

7.5 

3930 

38 

8.1 

3905 

39 

8.5 

3912 

40 

8.5 

3961 

41 

8.5 

3923 

42 

8.6 

-  14  - 

Part  2.   Bacteriological  Examination 

The  scope  of  the  bacteriological  work  has  been  expanded,  and  this 
year  for  the  first  time  the  samples  have  been  examined  to  determine  their 
bacterial  flora  which  would  affect  the  use  of  sugar  in  beverages,  dairy 
products,  frozen  desserts,  etc.   The  usual  examination  was  made  of  the 
samples  for  thermophilic  bacteria,  in  order  to  determine  their  suitability 
for  canning  purposes.   Considerable  concern  has  recently  been  shown  by  food 
manufacturers  other  than  canners  in  the  mesophilic  group  of  sugar-borne 
organisms,  a  group  of  organisms  which  includes  yeasts,  molds  and  bacteria 
that  grow  at  ordinary  temperatures.   The  significance  of  yeast  and  molds 
in  most  food  products  is  well  known,  in  that  they  usually  cause  fermenta- 
tion or  mustiness  and  an  unsightly  product,  respectively. 

The  effects  caused  by  bacteria  depend  largely  upon  the  characteristics 
of  the  bacteria  and  the  composition  and  character  of  the  product  in  which 
they  are  grown.  They  produce  acid  conditions,  off-flavors  and  odors,  and 
frequently  change  the  physical  properties  of  products.  Although  much  effort 
has  been  spent  in  preventing  the  entrance  of  organisms  of  this  group  into 
food  products,  uniform  standards  have  not  been  established  for  this  group 
of  organisms.  Hov/ever,  some  industries  (e.g.,  dairy  products  manufacture, 
particularly  production  of  sweetened  condensed  milk)  have  tentatively 
adopted  bacterial  standards  with  which  the  sugar  must  comply. 

The  American  Public  Health  Association  has  been  devising  standard 
methods  for  the  bacteriological  examination  of  ingredients  used  in  frozen 
desserts  and  related  products.  At  the  request  of  this  Association  a  uniform 
method  of  testing  sugar  for  mesophilic  type  ("The  Microbiological  Examination 
of  Sweetening  Agents")  has  been  submitted  by  the  writer.  Samples  are  examined 
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by  this  method  for  "total  aerobic"  bacteria,  "acid-producing"  bacteria, 
yeasts  and  molds.  Essentially  the  method  is  as  follows:  Twenty  grams 
of  sugar  are  weighed  into  a  sterile  150  ml.  flask  marked  to  100  ml.  Sterile 
water  is  added  to  the  mark  and  the  flask  is  rotated  until  the  sugar  is 
dissolved,  Duplicate  one  and  five  ml.  portions  are  transferred  to  petri 
plates.  One  set  of  plates  is  poured  with  brom-cresol-purple  dextrose 
tryptone  agar  for  the  detection  and  enumeration  of  total  and  acid  type 
bacteria.  The  second  set  of  plates  is  poured  with  wort  agar  for  the  detec- 
tion and  enumeration  of  yeasts  and  molds.  All  plates  are  incubated  at  30°  G. 
for  72  hours.  The  results  of  the  examination  for  mesophilic  organisms  are 
given  in  Table  II,  pages  18-20. 

The  examination  of  the  samples  for  thermophilic  bacteria  was  made 
according  to  methods  recommended  by  the  National  Canners  Association  lab- 
oratory. The  examination  was  for  "total  aerobic"  bacteria,  "flat  sour", 
"hard  swell"  and  "hydrogen  sulfide"  types.  References  to  various  publica- 
tions regarding  the  presence  and  significance  of  these  types  of  micro- 
organisms occurring  in  sugar  have  been  given  in  previous  reports.  Several 
of  these  are  repeated  for  the  benefit  of  those  who  have  recently  undertaken 
bacteriological  testing. 

Cameron,  E.  J.  and  C.  C.  Williams.  (1938)  The  Thermophilic  Flora 
of  Sugar  in  its  Relation  to  Canning.  Jr,  Bacteriology,  Vol,  15,  page  31; 
Cameron,  E.  J.  and  J.  Yesair.  (1931)  Sugar  Contamination;  Its  Effect  in 
Canning  Corn.  The  Canner,  Vol.  72;  Owen,  W.  L.  and  R.  Mobley.  (1932) 
Thermophilic  Bacteria  in  Refined  Cane  Sugars.  Ind.  Eng.  Chem.,  Vol.  24, 
page  104;  Calton,  C,  F.  (1936)    Thermophilic  Contamination  Within  the 
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Sugar  Factory,  Ind.  Eng.  Chem. ,  Vol.  28,  page  1235;  Cameron,  E.  J.  (1938) 
Report  on  Methods  For  Detecting  and  Estimating  Numbers  of  Thermophilic 
Bacteria  in  Sugar.  Jr.  Assoc.  Official  Agricultural  Chemists,  Vol.  21,  No. 3, 
page  457,  August. 

Attention  is  again  called  to  the  fact  that,  in  order  to  be  acceptable 

for  use  in  canning,  sugars  must  conform  to  certain  bacteriological  standards, 

which  limit  the  number  of  bacterial  spores  permitted,   The  maximum  numbers 

of  bacterial  spores  permitted  by  the  National  Canners  Association,  based  on 

the  examination  of  five  samples  from  a  single  lot  of  sugar,  are  as  follows; 

Total  Aerobic  Thermophilic  Spores ; 
"For  the  five  samples  examined,  there  shall  be  a  maximum  of  not 
more  than  150  spores  and  an  average  of  not  more  than  125  spores  per  10  grams 
of  sugar." 

Aerobic  Flat  Sour  Spores: 
"For  the  five  samples  examined,  there  shall  be  a  maximum  of  not 
more  than  75  spores  and  an  average  of  not  more  than  50  spores  per  10  grams 
of  sugar." 

Anaerobic  Sulfide  Spoilage  Spores : 
"These  shall  be  present  in  not  more  than  two  (40  percent)  of  the 
five  samples  and  in  any  one  sample  to  the  extent  of  not  more  than  five 
spores  per  10  grams." 

Anaerobic  Thermophilic  Hard  Swell  Spores : 
"These  shall  be  present  in  not  more  than  three  (60  percent)  of 
the  five  samples  and  in  any  one  sample  to  the  extent  of  not  more  than 
four  (65+  percent)  tubes  (method  for  testing)." 

The  suitability  of  the  campaign  composite  samples  of  sugar  for  can- 
ning purposes  is  based  on  the  minimum  numbers  of  spores  of  any  type  permitted 
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for  five  samples  as  shown  by  the  above  standards.  For  the  purpose  of  this 
report  the  results  from  the  campaign  composite  sample  are  considered  equiva- 
lent to  the  average  of  the  data  obtained  from  five  individual  samples.  The 
data  obtained  are  shown  in  Table  II,  pages  18-20.    
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Ten  samples,  or  13.3  percent,  contained  spores  in  excess  of  the 
numbers  permitted  by  the  sta.ndards.  All  but  one  of  the  substandard  samples 
(3920)  contained  excessive  aerobic  spores,  This  is  the  first  year  since 
the  1935  campaign  that  there  has  not  been  an  improvement  in  the  bacteri- 
ological quality  of  the  samples.  The  follov/ing  data  shov/  the  number  and 
percent  of  samples  tested  and  passed  during  the  past  five  years. 


Year 

No. 

No. 

Percent 

samples 

samples 

samples 



tested 

passed 

passed 

1939 

75 

65 

86.7 

1938 

77 

74 

96.1 

1937 

70 

65 

92.9 

1936 

70 

59 

83.6 

1935 

65 

47 

72.4 

Although  the  results  show  that  13.3  percent  of  the  campaign  com- 
posite samples  did  not  meet  the  canning  grade  specifications,  this  does 
not  necessarily  mean  that  all  strikes  of  sugar  produced  by  those  factories 
were  excessively  contaminated,  or  that  none  were  suitable  for  canning  pur- 
poses. This  is  especially  true  when  the  bacteria  counts  border  on,  and 
slightly  exceed,  the  standards.  It  is  evident  in  these  cases  that  a  number 
of  low  count  strikes  v/ere  included  in  the  composite.  Conversely,  the 
fact  that  a  composite  just  meets  the  standard  does  not  necessarily  imply 
that  all  strikes  represented  in  the  composite  were  within  the  standards 
and  were  acceptable  as  canning  grade  sugar.  The  conditions  pointed  out 
further  illustrate  the  need  for  careful  bacteriological  control  in  connec- 
tion v/ith  processing  and  marketing. 

Summary . 

The  data  indicate  that  the  average  quality  of  the  sugars  from  the 
1939  campaign  is  not  quite  as  high  as  that  for  the  1938  campaign.  This 
is  indicated  by  some  of  the  data  presented  in  Part  I  of  the  report  and 
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perhaps  niore  strongly  by  all  of  the  data  in  Part  II.  It  is  difficult  to 
determine  the  exact  extent  of  the  change  in  quality  since  a  multiplicity 
of  factors  are  involved. 

The  chemical  data  show  that  improvement  was  made  in  certain  factors 
of  sugar  quality  through  the  more  complete  elimination  of  some  impurities, 
although  increased  amounts  of  other  impurities  were  found  as  compared  with 
the  1938  sugars.  No  improvement  was  shown  in  the  average  biological  quality 
of  the  1939  campaign  sugars,  as  compared  with  the  1938  sugars. 

In  considering  over-all  quality  changes  it  is  necessary  to  recognize 
especially  the  factors  which  influence  both  the  chemical  and  the  biological 
quality  of  sugars.  Perhaps  the  most  significant  quality  factor  in  Part  I 
which  is  related  to  the  findings  in  Part  II  of  this  report  is  the  B-K 
turbidity  index.  Turbidity  in  sugar  may  result  from  the  failure  to  com- 
pletely remove  non-sugar  solids,  including  bacteria,  yeast  growth-promoting 
substances,  etc.,  during  filtration.  The  B-K  turbidity  index  is  a  factor 
in  the  sugar  rating  formula  and  is  related  to  other  factors  (e.g.,  yeast 
inoculum  multiple  and  percentage  of  sugars  passing  the  N.  C.  A.  bacterial 
standards)  which  are  not  included  in  the  sugar  rating  formula  but  which 
have  a  considerable  effect  in  determining  quality.  The  correlation  between 
the  B-K  turbidity  index  and  these  factors  is  illustrated  in  the  following 
tabulated  data,  which  include  average  results  for  the  past  two  campaigns. 


Average  sugar  rating  from  formula 
B-K  turbidity  index 
B-K  color  index 
Ash  percent 
Sulphites  p. p.m. 

.Yeast  inoculum  multiple 

[Sugars  passing  N.C.A.  bacterial  standards  (%) 


Campaign 

Year 

1959 

1938 

65.13 

69.05 

15.60 

11.40 

7.2 

7.5 

.0110 

.0109 

9.59 

11.50 

9.1 

7.6 

86.7 

96.1 
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It  will  be  seen  that  the  only  quality  factor  in  the  foregoing  tabu- 
lation showing  any  marked  degree  of  improvement  is  the  sulphite  content 
of  the  sugars.  This  improvement  is  insufficient  to  overcome  the  difference 
in  the  average  ratings  for  the  years  1939  and  1938.  The  increase  in  the 
B-K  turbidity  index  is  the  factor  which  was  of  greatest  importance  in  the 
difference  in  quality,  as  determined  by  the  rating  formula,  for  the  years 
1939  and  1938. 

The  values  for  the  yeast  inoculum  multiple  and  the  percentage  of 
sugars  passing  the  N.C.A.  bacteriological  standards,  which  are  given  in 
Part  II,  bear  a  relationship  to  the  values  obtained  by  means  of  the  rating 
formula,  and  appear,  therefore,  to  be  related  to  the  findings  in  Part  I 
of  the  report. 


